Methods: A total of 102 patients were randomized to either mono-therapy with simvastatin (40 mg daily) or triple-therapy with simvastatin (40 mg daily), extended-release niacin (1500 mg daily), and ezetimibe (10 mg daily). MRI was performed at baseline and 6, 12, and 24 months. SFA wall, lumen, and total vessel volumes were quantified. MRI-derived SFA parameters and lipids were analyzed with multilevel models and nonparametric tests, respectively. Results: Baseline characteristics did not differ between mono and triple-therapy groups, except for ethnicity (p ¼ 0.02). SFA wall, lumen, and total vessel volumes increased non-significantly for both groups between baseline and 24-months. Nonehigh-density lipoprotein cholesterol was significantly reduced at 12 months with triple-therapy compared with mono-therapy (p ¼ 0.01). Conclusion: No significant differences were observed between mono-therapy using simvastatin and triple-therapy with simvastatin, extended-release niacin, and ezetimibe for 24-month changes in SFA wall, lumen, and total vessel volumes. Clinical Trial Registration Information: NCT00687076; Link: http://clinicaltrials.gov/ct2/show/ NCT00687076.
Introduction
Peripheral artery disease (PAD) is associated with an increased risk of atherothrombotic and cardiovascular events and mortality [1e4] . Despite the high prevalence of PAD the disease receives relatively little attention, and PAD patients are less likely to receive appropriate treatment for their atherosclerotic risk factors than patients with coronary artery disease [5, 6] . Several trials have determined clinical benefits of lowering plasma cholesterol concentrations [7e13] . However, few studies have investigated the effects of lipid modification therapy on plaque burden in the arteries of the lower extremities [9] . Previous placebo-controlled studies had shown that niacin increases high-density lipoprotein cholesterol (HDL-C) levels and lowers triglycerides and low-density lipoprotein cholesterol (LDL-C) levels, resulting in an improved atherogenic lipoprotein profile. [14, 15] Combination therapy with ezetimibe and statin had previously been shown to result in significantly greater reduction in LDL-C compared with statin alone [16] . However, when ELIMIT was designed it was unknown whether ezetimibe and niacin were additive to standard statin lipid modification therapy in PAD patients. The goal of the Effect of Lipid Modification on Peripheral Artery Disease after Endovascular Intervention Trial (ELIMIT), a randomized control study in subjects with PAD, was to study the efficacy of intensive lipid-modifying triple-therapy (simvastatin, ezetimibe, and extended-release niacin) versus standard lipid-modifying mono-therapy (simvastatin) on the progression of atherosclerosis in the superficial femoral artery (SFA) as quantified by high resolution magnetic resonance imaging (MRI).
Methods

Patients and study design
The ELIMIT study was approved by the Institutional Review Board and all subjects provided informed consent. Inclusion criteria were life-style-limiting claudication consistent with Fontaine Stage IIa/IIb or angiographically confirmed Trans-Atlantic Inter-Society Consensus A-C lesions in the SFA. PAD was confirmed by an ankle brachial index (ABI) < 0.90 or by imaging including duplex ultrasound. Patients from the greater Houston area were screened and recruited at Ben Taub General Hospital, the Michael E. DeBakey Veterans Affairs Medical Center, and The Methodist Hospital between February 2005 and August 2008, and 102 patients were randomized (Fig. 1) . Initially, eligibility was restricted to patients who underwent revascularization for PAD within 3-months prior to enrollment. Subsequently, to improve recruitment this criterion was relaxed and approved by the Institutional Review Board on 03/01/2007 to also allow enrollment of patients who might undergo revascularization for PAD, had a revascularization for PAD >3-months prior to enrollment, or PAD patients who were medically managed.
Randomization
ELIMIT was a randomized, double-blind and double placebocontrolled study. Patients were randomized to receive either standard lipid-modifying mono-therapy with simvastatin 40 mg daily (or another statin if unable to tolerate simvastatin) e or intensive lipid-modifying triple-therapy with simvastatin 40 mg daily (or another statin if unable to tolerate simvastatin), ezetimibe 10 mg daily, and extended-release niacin 1500 mg daily. Patients in the mono-therapy group also received placebo ezetimibe, and placebo niacin. The niacin placebo contained a nontherapeutic 50 mg dose of immediate release niacin to mimic the common physical symptoms associated with the use of the drug and to maintain the blinding of the drug for both the patient and study staff. The placebo was titrated to 3 pills per day as tolerated and did not exceed 150 mg. In addition, all patients continued to receive the standard of care including medical management and the option of lower-extremity revascularization, if indicated. Study staff and patients were blinded to treatment groups.
Study visits
Patients underwent MR imaging at baseline, 6-months, 12-months, and 24-months (Fig. 1) . Analysis was performed only for the target limb, which was defined as the non-intervened limb or the less symptomatic limb in patients who were not scheduled for revascularization. If the target limb was revascularized during the study, we used only MRI data up to and including the last imaging visit prior to the intervention.
Primary outcome
The primary outcome variable was the change in SFA wall volume over 24-months, as determined by MRI. The 24-month changes in SFA lumen and SFA total vessel volumes were also analyzed.
MRI data and analysis
MRI scans were acquired with a 3.0T system (Signa Excite, GE Healthcare, Milwaukee, Wisconsin) using an unilateral phased array coil with a field of view (FOV) of 8 cm (along z-axis) and 12 cm (in plane x and y axes; Pathway Biomedical, Inc.). The center of the coil was placed on the distal thigh, centered 8 cm above the patella and secured with a Velcro strap. Proton-density-weighted (PDW), T1-weighted (T1W), and T2-weighted (T2W) scans were acquired Fig. 1 . ELIMIT study design.
for both lower extremities. Typical acquisition time was approximately 60 min. PDW sequences were acquired with a repetition time of 2575 ms, echo time of 30 ms, number of slices ¼ 40, flip angle of 90 , slice thickness of 2 mm, in-plane pixel spacing of 0.43 Â 0.43 mm, number of excitations of 2, echo train length of 8, matrix size of 384 Â 224, and a field of view of 22 cm. MRI PDW, T1W, and T2W scan quality was determined using a 4-point image quality scale (4 being best) using edge sharpness, amount of blurring, artifacts, and amount of noise. The MRI sequence with the best scan quality was selected for subsequent analysis.
MRI co-registration
Co-registration of MRI scans across follow-up visits was performed manually using anatomical landmarks (artery, vein, and muscle). The reader, blinded to patient data, identified naturally occurring anatomical landmarks unique within each patient. Coregistration was assessed by intra and inter-reader correlation.
Image analysis and quality control
Reading of the SFA measurements (wall, lumen, and total vessel volumes) was performed by 2 readers blinded to patient identifiers and scan dates using VesselMASS (University of Leiden, The Netherlands). Inter-reader variability was assessed for 2 observers using the PDW scans. To minimize variability, the readers performed an initial adjustment reading phase using 15 randomly assigned scans (read by both readers simultaneously; phase I). Following the initial adjustment, another 48 randomly assigned scans were analyzed (phases II-III). During phase II, 24 scans were read independently and observers discussed their analysis. For phase III another 24 scans were read independently and observers were blinded to reading results. All scans from phases I and II were re-read for the main analysis. Inter-reader variability was determined by intra-class correlation (ICC) using a two-way model [17] . Scans from 8 randomly selected patients were obtained from the ELIMT database for 3 imaging time-points (baseline, 12-, and 24-months). Lumen, wall and total vessel volumes were quantified for each scan.
Sample size estimation
Sample size estimates were calculated separately for SFA lumen and wall measurements. We assumed a between-patient standard deviation at baseline for lumen volume of 5 mm [3] , and 14 mm [3] for wall volume. We estimated that each patient will have a maximum of 4 MRI exams from baseline to 24 months. We also assumed a follow-up difference between treatment groups for lumen of >1.5 mm 3 or 9% and 6.7 mm 3 or 10% for wall volume. The estimates were guided by SFA pilot data from our laboratory and intraclass correlation coefficients from carotid artery studies [18, 19] . These assumptions resulted in a probability (power) > 0.80 in a two-sided test at a significance level of 0.025 for each of the variables (lumen and wall volume), given an enrollment of 120 patients and a subsequent 10% lost-to-follow-up rate. Sample size methodology given in Murray [20] and Snijders and Bosker [21] were used for multilevel analyses.
Statistical methods
Baseline characteristics of the drug therapy groups were compared using analysis of variance or chi-square tests for continuous or discrete variables, respectively, or nonparametric analogs when the assumptions of these tests were not met. Variables were expressed as mean AE standard deviation (SD) or standard error, medians and interquartile range (IQR), percentages, or frequencies, respectively. Equal variance was determined with the Bartlett's test. All tests were two-tailed and p-values < 0.05 were considered statistically significant.
Multilevel statistical models were used to describe changes over time in the MRI outcome variables and to compare the drug therapy groups. Multilevel models also known as mixed linear models are similar in principle to ordinary regression models, and are appropriate for modeling of longitudinal data because they take into account the correlations due to repeated measurements within subjects [21] . The advantage of multilevel models as compared to more usual statistical methods, such as repeated measures analysis of variance, is the capability to use data with missing or irregularly timed observations, due to death or loss to follow-up, on the outcome variable. This was a useful feature for this study, because there were variations between patients in the timing of clinic visits and some patients did not return for all follow-up tests. Multilevel models were analyzed using xtmixed procedure in Stata Statistical Software, Release 12 (StataCorp LP, College Station, Texas). Residual analyses were used to assess the fit of the model and the need for data transformations. Graphical analyses were used to visualize the slopes and confidence intervals for each of the 2 groups.
An ICC < 0.30 was considered as poor agreement, 0.30 to 0.70 as moderate to good agreement, and >0.70 as excellent [17,22e24] . All statistical analyses were conducted with Stata Statistical Software, Release 12.
Experimental results
Patient information
A total of 102 patients were randomized and 87 patients completed baseline MRI. Between randomization and the baseline visit, 1 patient withdrew from the study, 8 patients opted out from baseline imaging, and 6 additional patients declined blood collection at baseline. Throughout the study, 8 patients died (4 in each group), and 10 patients underwent revascularization of the target limb (5 in each group) as clinically indicated for symptomatic PAD. There were no significant predictors among the baseline characteristics for the 10 patients whose target limb was intervened during the study. For the 2-year visit, we excluded the MRI measurements of 5 patients who returned for their last MRI after 27-months; however, all other imaging data of these 5 patients were included in the multilevel models. The multilevel models used all available imaging data, including patients who only completed baseline imaging (n ¼ 20) or completed at least 2 imaging visits other than baseline (n ¼ 4). The final multilevel model included a total of 246 MRI scans (131 in mono-therapy group and 115 in triple-therapy group) obtained from 91 patients (46 mono-therapy, and 45 triple-therapy) across all visits (baseline: n ¼ 87, 6-months: n ¼ 40, 12-months: n ¼ 56, 24-months: n ¼ 40, and 23 patients who returned for MRI one month after baseline). The average time from baseline to the 12-month imaging visit was 386.3 AE 52.9 days and from baseline to the 24 month imaging visit was 683.5 AE 62.9 days. On average, every patient completed 2.7 MRI visits during this 2-year study.
MRI co-registration
A randomly selected subset of 15 patients was used to coregister each of the landmark types (artery, vein and muscle). Offsets, measured relative to baseline using any landmark type were not significantly different (p > 0.05). The average offset between anatomical landmark types at baseline and 12-month was not significantly different (À1.10 AE 12.6 mm; p ¼ 0.36).
Co-registration offsets with respect to baseline were different for baseline-24 months (p < 0.001) equal to 3.68 mm corresponding to the thickness of less than 2 image slices or 4.6% of the total extent of a scan (80 mm). Two readers co-registered MRI scans from 12 patients to assess reproducibility. Intra-reader correlation for co-registration was high for all landmark types (ICC artery ¼ 0.97, ICC vein ¼ 0.97, ICC muscle ¼ 0.95). Inter-reader correlation was high for baseline-12 months (ICC ¼ 0.81) and baseline-24 month (ICC ¼ 0.81) comparisons, respectively.
MRI image quality
Quality scores were analyzed by 1 reader across 3 imaging visits in 12 patients for PDW, T1W and T2W sequences at baseline, 12-and 24-months. The quality scores of PDW scans of the SFA were significantly higher than those of T1W and T2W scans (3.10 versus 2.49 and 2.29); however, T1W and T2W quality scores were not significantly different. Inter-reader correlation of quality scoring was excellent (ICC ¼ 0.77). Hence, PDW scans were used for the analysis.
MRI quality control
Inter-reader correlation was assessed prior to reading all MRIs and was excellent for the combined analysis of 48 PDW scans for lumen volume (ICC ¼ 0.97) and total vessel volume (ICC ¼ 0.85) and moderate to good for wall volume (ICC ¼ 0.48). Subsequently, we performed an inter-reader variability analysis stratified by phase II and III readings (24 scans each). Phase II reading ICCs for lumen, wall, and total vessel volumes were 0.67, 0.32, and 0.39 (moderate to good). Conversely, phase III readings showed a markedly improved inter-reader agreement, with ICCs for lumen, wall, and total vessel volumes of 0.99, 0.6, and 0.93, respectively.
Baseline characteristics
Baseline characteristics did not differ between mono and tripletherapy groups, except for ethnicity (Table 1 ). There were no group differences in MRI parameters (wall volume, lumen volume, and total vessel volume) or lipids at baseline (Tables 2 and 3 ).
MRI measurements of distal SFA
The primary endpoint (24-month change of SFA wall volume between mono-therapy and triple-therapy groups) was not significant (p ¼ 0.94, Table 2 , Supplemental Fig. S1 ). There was no significant change over 24-months between groups for SFA total vessel volume (p ¼ 0.79) or lumen volume (p ¼ 0.81). Intra-group changes between imaging visits were also not significant for SFA wall volume (p ¼ 0.94), lumen volume (p ¼ 0.81), and total vessel volume (p ¼ 0.79). Fig. 2 shows cross-sectional MRI images of the SFA at baseline, 12-months, and 24-months for a patient from the mono-therapy group and from the triple-therapy group.
Lipids at 12-months
Non-high density lipoprotein cholesterol (non-HDL-C) was significantly lower at 12-months in the triple-therapy group compared with the mono-therapy group (p ¼ 0.01, Table 3 ). Similarly, total cholesterol and LDL-C were lower in the triple-therapy group at 12-months (p ¼ 0.04 and p ¼ 0.03, respectively). Conversely, the increase in high density lipoprotein cholesterol (HDL-C) in the triple-therapy group was not significant. Similarly, there were no significant differences between groups for the 12-month changes in triglycerides and high-sensitivity C-reactive protein (hs-CRP).
Major adverse cardiovascular events
During the study, a total of 19 major adverse cardiovascular events were recorded in 16 patients (6 mono-therapy, 10 tripletherapy), resulting in a total event rate of 15.7%. There was no difference between groups in major adverse cardiovascular events (p ¼ 0.42) including all-cause death (4 in each group), myocardial infarction (1 in mono and 3 in triple therapy group), major stroke (2 All values are means and or standard errors (SE). *P-values were obtained from multilevel models for the differences between groups with respect to change from baseline.
in each group), and coronary revascularization (1 in mono and 2 in triple therapy group).
Discussion
In the ELIMIT study, we have investigated the effects of lipid modification mono-therapy versus triple-therapy in PAD patients with life-style limiting claudication. The first major finding of the study was that the 24-month change in the distal SFA wall volume (primary endpoint) was not significantly different between the 2 treatment groups. Secondly, both, mono-therapy using simvastatin and triple-therapy using simvastatin, ezetimibe and extendedrelease niacin resulted in a modest but non-significant change in atherosclerosis in the wall of the distal SFA over a period of 2 years in PAD patients. The third finding was that non-HDL-C, total cholesterol, and LDL-C were reduced more significantly at 12-months in the triple-therapy group compared with the monotherapy group, as expected.
Effects of mono-versus combination-drug therapy on circulating lipids
Several earlier studies have highlighted the potential benefit of niacin in addition to statin therapy. The HDL-Atherosclerosis Treatment Study (HATS) showed that in 160 men and women with clinical coronary disease, simvastatin plus niacin compared to placebo was associated with a significant regression in stenosis of the proximal coronary segments, as measured by angiography [25] . The Coronary Drug Project showed a modest benefit in the reduction of nonfatal recurrent myocardial infarction with niacin treatment but no effect on total mortality [26] .
Recent large clinical trials have cast doubt on the benefits of niacin when added to statin compared to statin mono-therapy. The Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglycerides: Impact on Global Health Outcomes (AIM-HIGH) trial enrolled a total of 3414 patients and found no incremental clinical benefit from the addition of extended-release niacin to simvastatin 40 mg daily [7] . The Heart Protection Study 2: Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE) was a large international trial that did not show any benefit in the reduction of major vascular events in more than 25,000 coronary heart disease patients randomized to either extended-release niacin/laropiprant plus statin therapy or statin therapy alone [27] . Previous reports have demonstrated that ezetimibe changes LDL subclass composition and reduces LDL cholesterol levels [28, 29] . Although our study was not an outcomes trial, the combination of extended-release niacin with cholesterol lowering therapy using simvastatin and ezetimibe did not show any significant changes in SFA plaque volume when compared with simvastatin alone.
Lipid modification therapy and progression of atherosclerosis as measured by MRI
Several studies have assessed the impact of lipid modification therapy on imaging based surrogate markers of clinical end points.
West et al. [9] studied the effects of ezetimibe on plaques in the SFA using MRI. In this 2-year study, atherosclerotic plaque volume was measured in the proximal SFA in 67 PAD patients. Statin naïve patients (n ¼ 34) were randomized to simvastatin (40 mg) or simvastatin (40 mg) plus ezetimibe (10 mg), and patients on statins at baseline (n ¼ 33) also received open-label ezetimibe. There was no significant change in plaque volume from baseline to year 2 in either randomized treatment group. Although the study by West et al. [9] had a design similar to ELIMIT, several details were different. In our study, 97% of patients were already on statin therapy prior to enrollment and participants had lower baseline LDL-C levels and there was no niacin arm in the study by West et al. [9] ELIMIT evaluated change in wall volume in the distal SFA where West et al. [9] studied the proximal segment of the SFA. However, both studies are among the first lipid modification trials describing the change of atherosclerosis disease burden of the SFA, as measured by MRI. Atherosclerosis plaque burden in the SFA did not change significantly over 2-years in either study, although significant plaque progression was reported in the study by West et al. [9] in the group receiving open-label ezetimibe added to ongoing baseline statin.
In contrast to the SFA as in our study, the carotid artery has been used frequently as the imaging location of choice. The Arterial Biology for the Investigation of the Treatment Effects of Reducing Cholesterol 6: HDL and LDL Treatment Strategies in Atherosclerosis (ARBITER 6-HALTS) trial randomized 315 coronary heart disease patients on stable statin treatment to either ezetimibe 10 mg daily or to extended-release niacin 2000 mg daily [30] . The study showed a significant regression in carotid intima-media thickness at 7 or 14-months in the niacin plus statin group compared with the ezetimibe plus statin group.
The advent of rapid 3D isotropic black-blood MR imaging techniques which were not available when our study was designed, allow imaging of atherosclerotic plaque in the entire femoral artery. As demonstrated in this study, plaque imaging and analysis techniques developed and validated in other vascular beds are applicable to the femoral arteries with some optimization for local anatomy [31] .
Limitations
This study has several limitations. MR imaging was performed only in the distal SFA, and MRI measurements were utilized only from the target-limb. One of the challenges in MR imaging of SFA atherosclerosis is sampling a large enough field of view. When the ELIMIT study was conceived only an unilateral phased array coil was available. However, modern bilateral coils allow rapid acquisition of both SFA vessels simultaneously with an excellent signal to noise ratio [32] . Novel, rapid 3D imaging techniques such as 3D motion sensitized driven equilibrium prepared rapid gradient echo (3D-MERGE) have been developed for imaging of the femoral artery with high isotropic resolution of 0.5 mm 3 voxel size [33] .
Also, we assessed plaque burden but not plaque composition which has been associated with the risk of plaque rupture [34] . However, during all imaging visits of this study, we acquired multicontrast turbo spin echo sequences (T1W, T2W, and PDW) for all patients which will be used in a forthcoming study to determine SFA plaque composition [31] .
Inter-reader variability as determined by ICC was moderate to good for MRI wall volumes [17,22e24] .
Ethnicity, which was not part of the randomization protocol differed significantly between the mono-and triple-therapy groups. Also, the attrition rate was high in this study. However, the usage of multilevel models maximized data utilization. A high rate of missing data and loss to follow-up due to death, comorbidity and inability to complete the study in excess of over 20% is not uncommon in PAD or niacin studies [9,35e37] . It has been shown that ezetimibe changes LDL subclass composition [28, 29] .
Finally, ELIMIT was not powered to assess the effect of lipidmodifying mono-versus triple-therapy on clinical outcomes in PAD patients, and study participants were followed for only 2 years.
More than 95% of ELIMIT participants were on statins prior to enrollment. We did not collect any information on statin use duration prior to randomization and therefore, cannot account for any plaque stabilization that may have occurred as a result of chronic statin use in our study population [38] .
Conclusion
No significant differences were observed between monotherapy using simvastatin and triple-therapy with simvastatin, extended-release niacin, and ezetimibe for 24-month changes in SFA wall, SFA lumen, and SFA total vessel volumes. Mono-therapy and triple-therapy showed a modest non-significant increase of atherosclerosis in PAD patients, as quantified by the 24-month change in SFA wall volume. 
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